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 Abstract: Visceral leishmaniasis is a protozoan parasitic disease of vector-

borne transmission with a notable increasing in global incidence and 

spreading to novel geographic areas. In Iraq, molecular data concerned 

visceral leishmaniasis remain limited and need to support. Molecular 

surveying of Leishmania donovani in clinically asymptomatic adults, 

sequencing and phylogenetic analysis of study isolates, with estimation the 

levels of some immune markers including IL-1β, IL-10, IFN-γ, and TNF-α. 

An overall 285 rural adults of 10-70 years age-old and both sexes were 

selected to sampling of venous blood that divided equally into EDTA-

anticoagulant tube for molecular testing by conventional PCR, and free-

anticoagulant tube that centrifuged to obtain sera for immunology by 

quantitative ELISA. The positive L. donovani isolates were sequenced and 

analysed phylogenetically using the MEGA-11 software and NCBI-Viewer. 

Molecular findings of PCR assay reported that 4.21% of study population 

was positively infected with L. donovani. In comparison with the global 

NCBI-BLAST L. donovani isolates / strains, phylogenetic tree analysis, MSA 

and homology sequence identity for study L. donovani isolates demonstrated 

the presence of significant identity with the Brazilian L. donovani isolate 

(GenBank ID: ON934698.1) at a similarity ranged from 98.50-99.94% and 

mutation / changes ranged from 0.0003-0.001%. Immunologically, the 

positively infected individuals express a significant reduced IL-1β, but 

elevated serum levels of IL-10, IFN-γ, and TNF-α. This represents the first 

molecular study in Wasit province, and the first phylogenetic one in Iraq 

demonstrating that there was a close-relationship between the study L. 

donovani isolates and the global NCBI-GenBank isolates, and estimating 

levels of some immune markers in infected cases. Author suggests the great 

necessity of additional molecular phylogenetic and immune studies in cases 

of leishmaniasis.  

Keywords: Interleukin, Kala-Azar, NCBI, Qualitative PCR, Sequences and 

Phylogenetic Analysis, Visceral Leishmaniasis 

Introduction 

Leishmania donovani  is a haematoflagellate, kinetoplastid, intracellular, protozoan parasite which 

belongs to the family Trypanosomatidae under the Euglenozoa phylum (Tao and Jia, 2024). The 

parasite is responsible transmitted to humans via the bite of infected female of phlebotomine sand flies 
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(Diptera: Psychodidae) and invade the macrophages to proliferate within phagolysosome (Al-Joary and 

Al-Hamdani, 2024; Tom et al., 2024). This leading to development a systemic disease known as visceral 

leishmaniasis or Kala-azar that clinically ranged from asymptomatic infection to severe life-threating 

form based on the host immune response (Abbas et al., 2019; Volpedo et al., 2021).  

The intricate interplay between the host immune system and parasitic pathogens is crucial for 

developing effective control strategies and therapeutic interventions (Yasmin et al., 2022). Interleukins, 

as key mediators of immune responses, play a fundamental activity in orchestrating host defense 

mechanisms against parasitic challenges throughout secretion of specific proteins to regulate the 

differentiation, proliferation and activation of various immune cells (Wen et al., 2021; Obeagu, 2024). 

Dysregulation of pro-inflammatory interleukins such as IL-1 can contribute to severe pathology, while 

conversely; anti-inflammatory interleukins like IL-10 can prevent excessive inflammation and tissue 

damage, yet their overexpression compromises effective parasite elimination and promote chronic 

infections (Saha et al., 2022; Al-Qahtani et al., 2024).  

Geographically, leishmaniasis is endemic in many parts of approximately 90 countries, primarily 

in the tropics and subtropics including Iraq (Al-Hayali and Al-Kattan, 2021). This warrants a critical 

evaluation of factors such as under-reporting asymptomatic infections and emergence of drug 

resistance which collectively contribute to the persistent burden of disease (Perez et al., 2024). 

Consequently, a significant portion of increasing the global incidence of disease, estimated to be the 

ninth largest among individual infectious diseases, remains markedly unaddressed due to complex 

epidemiology, insufficient current incidence data, and limited diagnostic tools (Abbasi, 2025). 

Diagnosis relies usually on a combination of clinical suspicion, parasitological confirmation, and 

immunological tests; however, each presenting unique challenges and frequently suffer from low 

sensitivity and specificity, especially in endemic areas with high rates of co-infections and varied 

clinical presentations, often leading to delayed or inaccurate diagnosis (Kumar et al., 2020; Reimão et 

al., 2020; Gow et al., 2022). Currently, advanced molecular diagnostic techniques have offered high 

sensitivity, specificity, and rapid detection capabilities, making them suitable for point-of-care testing 

in resource-limited settings (Mehrotra et al., 2025). In Iraq, few available studies have been conducted 

to identify the incidence rate of visceral leishmaniasis using one or multiple methods including rK-30 

strip tests or immunochromatography test (ICT), bone marrow or spleen aspiration, microscopy, 

indirect fluorescent antibody technique (IFAT), and molecular assays (Rahi et al., 2013; Al-Ardi, 2022; 

Dakeel and Mohsein, 2024; Jaffar et al., 2024). Therefore, this study aims to molecular surveying of 

visceral leishmaniasis caused by L. donovani in clinically asymptomatic adults, sequencing and 

phylogenetic analysis of study isolates, with estimation levels of immune markers including IL-1  and 

IL-10. 

Materials and Methods 

Ethical approval 

The Scientific Committee in the College of Medicine (University of Wasit) was licensed the 

current study.  

Samples 

An overall 285 rural adults of 10-70 years age-old and both sexes who admitted to some private 

laboratories in Wasit province (Iraq) during April (2025) were selected and subjected to draining 5ml 

of venous blood. Then, each blood sample was divided equally into two tubes; EDTA-anticoagulant 

tube to be used for molecular testing, and free-anticoagulant tube that centrifuged at 5000rpm for 5 

minutes and the obtained sera was saved into 1.5ml Eppendorf tube to be applied for immunology. All 

EDTA-whole blood and serum-Eppendorf tubes were saved frozen (-40°C) until be tested.  

Molecular testing 

DNAs were extracted from the EDTA-whole blood samples throughout the gSYNCTM DNA 

Extraction Kit (Geneaid, Taiwan), and evaluated spectrophotometerically using the Nanodrop. Then, 

AccuPower® PCR PreMix Kit (Bioneer, Korea) was served to preparation the MasterMix tubes with 
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utilization of extracted DNAs and the designated primers (F: 5ʹ-CGC ACC GCC TAT ACA AAA GC-ʹ3 

and R: 5ʹ-ATC CTG GTC ACA GCC TCT CT-ʹ3) for this study based on NCBI-GenBank L. donovani 

isolate [ID: ON796536.1 (https://www.ncbi.nlm.nih.gov/nuccore/ON796536.1)]. For PCR reaction, the 

tubes of MasterMix were transferred to the Thermal Cycler system, and then subjected to 

electrophoresis of agarose-gel (1.5%) at 80Am and 100Volt for 90 minutes, and the bands of positive 

samples were visualized under the ultraviolet transilluminator at 618bp  

Phylogeny 

The DNAs of positive samples were sequenced, and submitted in NCBI-GenBank database and 

analysed phylogenetically by the MEGA-11 software and NCBI-Viewer to indicate sequence identity 

between the study and the NCBI-BLAST L. donovani isolates.  

Immune markers  

Initially, the serum samples were thawed in water bath at 37°C, and the components of IL-1  

(Cat. No: SL0984Hu), IL-10 (Cat. No: SL0967Hu), IFN-  (Cat. No: SL0960Hu), and TNF-  (Cat. No: 

SL1761Hu) kits were prepared at room temperature. Following the manufacturer instruction of each 

kit (SunLong Biotech, China) separately, the sera and Standard solution of each kit were processed step 

by step, and the ODs were measured at an absorbance of 450 nm using the ELISA Reader system. For 

calculation the concentrations of each immune marker, ODs and their consequent concentrations of the 

Standards in addition to ODs of all samples were plotted on the log scales of standard curve.  

Statistical analysis 

The t-test in the GraphPad Prism Software was utilized to identify variation among positively 

and negatively infected individuals at a significance of p<0.0001 (****), p<0.001 (***), p<0.01 (**), and 

p<0.05 (*). Values were represented in the current study as either number (percentage) or mean ± 

standard error (Ajaj et al., 2021; Gharban et al., 2024). 

Results  

Molecular phylogeny 

Targeting the small subunit rRNA gene, molecular findings of conventional PCR assay revealed 

that 4.21% (12/285) of study population were positively infected with L. donovani isolates (Figure 1). 

Sequencing data of all positive study L. donovani isolates were submitted in the NCBI-GenBank 

database under the names (access numbers) of Iraq-HABR1 (PQ357484.1), Iraq-HABR2 (PQ357485.1), 

Iraq-HABR3 (PQ357486.1), Iraq-HABR4 (PQ357487.1), Iraq-HABR5 (PQ357488.1), Iraq-HABR6 

(PQ357489.1), Iraq-HABR7 (PQ357490.1), Iraq-HABR8 (PQ357491.1), Iraq-HABR9 (PQ357492.1), Iraq-

HABR10 (PQ357493.1), Iraq-HABR11 (PQ357494.1), and Iraq-HABR12 (PQ357495.1). In comparison 

with the global NCBI-BLAST L. donovani isolates / strains, phylogenetic tree analysis, MSA and 

homology sequence identity for study L. donovani isolates demonstrated the presence of significant 

identity with the Brazilian L. donovani isolate (GenBank ID: ON934698.1) at a similarity (*) ranged from 

98.50-99.94% and mutation / changes ranged from 0.0003-0.001%, see Table 1, Figures 2-5.  

 

Figure 1. Total results of molecular PCR assay among totally 285 individuals. 
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Table 1. Homology sequence identity (%) of the current study and global NCBI-GenBank L. 

donovani isolates. 

Local isolate  NCBI-BLAST isolate Identity 

(%) Name Access. No. Isolate  Source  Country Access. No. 

Iraq-HABR1 PQ357484.1 CTI2012 Dog  Brazil ON934698.1 99.92 

Iraq-HABR2 PQ357485.1 CTI2012 Dog  Brazil ON934698.1 99.30 

Iraq-HABR3 PQ357486.1 CTI2012 Dog  Brazil ON934698.1 98.93 

Iraq-HABR4 PQ357487.1 CTI2012 Dog  Brazil ON934698.1 98.65 

Iraq-HABR5 PQ357488.1 CTI2012 Dog  Brazil ON934698.1 99.94 

Iraq-HABR6 PQ357489.1 CTI2012 Dog  Brazil ON934698.1 99.92 

Iraq-HABR7 PQ357490.1 CTI2012 Dog  Brazil ON934698.1 99.90 

Iraq-HABR8 PQ357491.1 CTI2012 Dog  Brazil ON934698.1 98.50 

Iraq-HABR9 PQ357492.1 CTI2012 Dog  Brazil ON934698.1 99.83 

Iraq-HABR10 PQ357493.1 CTI2012 Dog  Brazil ON934698.1 98.95 

Iraq-HABR11 PQ357494.1 CTI2012 Dog  Brazil ON934698.1 99.15 

Iraq-HABR12 PQ357495.1 CTI2012 Dog  Brazil ON934698.1 99.82 
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Figure 2. MSA for the current study and global NCBI-GenBank L. donovani isolates using the 

MEGA-11 software. 

 

 

Figure 3. MSA showing nucleic acid differences between the study L. donovani isolates and the 

global NCBI-GenBank L. donovani isolates/strains using the NCBI-Viewer. 
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Figure 4. MSA showing nucleic acid similarity between the study L. donovani isolates and the 

global NCBI-GenBank L. donovani isolates/strains using the NCBI-Viewer. 

 



 
Hraija B. A. /Biojournal Vol 2 (8), Aug 

 

 

American Journal of Biology and Natural Sciences | 370  
 

 

Figure 5. Phylogenetic tree analysis of the current study and global NCBI-GenBank L. donovani 

isolates. 

 

Immunology 

The quantitative measurement of IL-1 , IL-10, IFN- , and TNF-  levels was shown a marked 

variation between the negatively and positively infected groups of study population. Significantly, IL-

1  was reduced (p<0.0001; 95%CI: 17.02 to 38.15) in positively infected L. donovani individuals (18.4 ± 

0.57 pg/ml) when compared to those of negatively infection (35.17 ± 1.44 pg/ml), (Figure 6). Concerning 

IL-10, values of positively infected individuals (58.77 ± 3.69 pg/ml) were significantly (p<0.0009; 95%CI: 

19.88 to 67.81) higher than reported in negatively infected individuals (24.82 ± 2.38 pg / ml), see Figure 

7. 

 

Figure 6. Concentration of IL-1  in negatively and positively infected groups of study 

population (Total No: 285). 



 
Hraija B. A. /Biojournal Vol 2 (8), Aug 

 

 

American Journal of Biology and Natural Sciences | 371  
 

 

Figure 7. Concentration of IL-10 in negatively and positively infected groups of study 

population (Total No: 285). 

 

Regarding IFN- , significant elevation (p<0.012; 95%CI: 18.49 to 59.03) was seen in positively 

infected L. donovani individuals (48.31 ± 4.38 pg/ml) in comparison with those of negatively infections 

(24.76 ± 3.02 pg/ml), see Figure 8. 

 

Figure 8. Concentration of IFN-  in negatively and positively infected groups of study 

population (Total No: 285). 

 

Values of TNF-  were elevated significantly (p<0.023; 95%CI: 55.20 to 197.5) was seen in 

positively infected L. donovani individuals (180.33 ± 6.69 pg/ml) in comparison with those of negatively 

infections (66.75 ± 5.58 pg/ml), see Figure 8. 

 

Figure 9. Concentration of TNF-  in negatively and positively infected groups of study 

population (Total No: 285). 
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Discussion 

Since 1991, visceral leishmaniasis has extended to new areas affected before rarely in Iraq such 

as the southern governorates, and the risk of outbreaks was higher after 2003 (Jassim et al., 2006). The 

findings of this study identified that 4.21% of study population were positively infected with L. donovani 

isolates. Visceral leishmaniasis caused by L. infantum and L. donovani remains one of the most neglected 

endemic diseases in Iraq due to the low number of conducted studies (Taj-el Deen and Al Alousi, 1954; 

Niazi, 1980; Sukkar, 1984; Jassim et al., 2006; Hashim et al., 2007; Al-Ani et al., 2012; Rahi et al., 2013; 

Yaseen and Ali, 2016; Al-Hussaini et al., 2017; Mohammed et al., 2019; Yaseen and Ali, 2019; Al-Taei et 

al., 2022; Jarallah et al., 2022; Alyasiri and Ali, 2024; Dakeel and Mohsein, 2024; Hamoodi et al., 2025); 

nonetheless, no available data about the occurrence of visceral leishmaniasis in clinically asymptomatic 

individuals in addition to complete absence of phylogenetic information among all these studies. 

However, our molecular findings were in agreement with Al-Ani et al. (2012) who reported that the 

positive cases among 1231 clinically suspected patients admitted to Al-Ramadi Maternity and 

Children’s Hospital was 32 (2.6%) throughout the bone marrow examination and IFAT. Another survey 

study in Karbala governorate has been detected that the infection rate of visceral leishmaniasis caused 

by L. donovani was 6.75% using culture (Al-Taei et al., 2022). Dakeel and Mohsein (2024) who identified 

that the occurrence of L. donovani suspected cases in Diwaniyah governorate by the ICT was 6.25% with 

confirming the positive infection using the culture, IFAT and PCR. In comparison to worldwide studies, 

the prevalence rate of L. donovani using the molecular tools was 9-25% in Brazilian blood donors (Luz 

et al., 1997), 0.44-3.83% in Sudan (Khalil et al., 2002), 9% (5-15% per cluster) in Nepal (Rijal et al., 2010), 

0.26-7.26% in India (Chapman et al., 2018), and 0.9-15.8% in Ethiopia (Belay et al., 2025). This variation 

in incidence rate of visceral leishmaniasis caused by L. donovani might be attributed to the diagnostic 

methods, clinical forms of infection, and seasonal variations.  

Phylogenetically, the findings of the presents study demonstrated that the local L. donovani 

isolates were close-related to the Brazilian L. donovani isolated from dogs. In recent epidemiological 

researches, there is strong evidence implicates canids particularly domestic dogs as a significant 

reservoirs in the transmission cycle of L. donovani to humans, especially in areas where canine visceral 

leishmaniasis is endemic (Quinnell and Courtenay, 2009; Campino and Maia, 2018; Beasley et al., 2021). 

Therefore, understanding the dynamic of Leishmania infection in canine population including 

prevalence, clinical presentation, and parasite load is critical for elucidating their role in maintaining 

the parasite’s life cycle and facilitating spillover events to human populations (Courtenay et al., 2017; 

Cosma et al., 2024; Silva-Moreira et al., 2025).  

The results of immune markers measured in current study indicate a significant reduction of IL-

1  and marked increases in values of IL-10, TNF- , and TNF-  in cases of positively L. donovani 

infections. These results were in agreement with that recorded by several researchers (Bersudsky et al., 

2000; Gupta et al., 2017; Kariyawasam et al., 2017). Elsewhere, human and mouse models have shown 

that resistance to infection by lenticous leishmaniasis and self-healing are related to the acquisition of 

a robust Th1 response with IL-1 2, IFN-  and TNF-  expression and vulnerability and persistence with 

the parasite are correlates of a predominant Th2 response, with IL-4, IL-5 and IL-6 (Tripathi et al., 2007; 

Hartley et al., 2013; Maspi et al., 2016; Moafi et al., 2017). Reiner et al. (1990) found in vitro that the 

production of IL-1 in infected-peripheral blood monocytes with Leishmania was diminished probably 

reflected the reduced translation of IL-1 , and prepared cells to produce both IL-1 and TNF-  when 

further stimulated by Leishmania suggesting that L. donovani has acquired the ability to infect 

mononuclear phagocytes, without inducing the generation of two potentially protective monokines. 

Additionally, the effect of IFN-  in priming monocytes to secrete TNF-  in response to Leishmania 

infection and inhibit the effects of the IL-1 production could also have immunotherapy implications in 

the use of this lymphokine. Ghalib et al. (1993) established that IL-10 mRNA expression in lymphnodes 

removed during acute infection with L. donovani suggesting that production of IL-10 may play a role in 

regulating the immune responsiveness to visceral leishmaniasis. Matte and Descoteaux (2010) have 

explored the effect of infection by the amastigote-stage of L. donovani on IFN-  responses and pathways 

in mouse bone marrow-derived macrophages; and concluded an evidence of a novel action of L. 
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donovani amastigotes to disrupt the functions of IFN-  treated macrophages; and a better insight into 

the strategies employed by this parasite to enable its survival within a cell. The immune response to L. 

donovani infection is highly complex, with macrophages serving as both the primary host cell for 

parasite, replication and crucial effector cells in parasite elimination (Saha et al., 2018; Yin et al., 2024). 

A critical component of this host response involves IL-1  that act as a potent pro-inflammatory 

mediator known for its pivotal role in orchestrating innate and adaptive immunity against various 

pathogens (Saha et al., 2018; Dayakar et al., 2019). This interleukin has multifaceted involvement in 

immunopathogenesis of L. donovani infection, and contributes to host resistance and susceptibility since 

it modulates macrophage function, influence T-cell differentiation and interacts with other immune 

pathways to shape outcome of infection (Dubie and Mohammed, 2020). However, the intricate host-

parasite interactions within macrophage phagolysosome dictate disease progression, with remarkable 

adaptability of the parasite demonstrating to nutrient-limited or nutrient-rich intracellular 

environments (Séguin and Descoteaux, 2016; Carneiro and Peters, 2021; Bodhale et al., 2024). 

Conclusion 

This represents the first molecular study in Wasit province, and the first phylogenetic one in Iraq 

demonstrating that there was a close-relationship betwee the study L. donovani isolates and the global 

NCBI-GenBank isolates, and estimating levels of some immune markers in infected cases. Author 

suggests the great necessity of additional molecular phylogenetic and immune studies in cases of 

leishmaniasis. The zoonotic nature of L. donovani transmission especially the involvement of dogs, 

necessitate a thorough examination of canine reservoirs to inform targeted public health interventions. 
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